Abstract -This paper simulates and discusses about the probable causes of error which might occur due to the environmental settings of the triboacoustic localization prototype previously developed.
I. INTRODUCTION
The advent of ubiquitous computing, increased processing power in smaller packages and reducing costs of manufacturing has fueled the increasing number of mobile devices in the consumer market. The third wave of computing states that every person would have multiple computers that recedes to the background of our lives[1] [2] . However, in its quest in achieving higher mobility through miniaturization, it has caused difficulties for users to interact with them [3] . Mobility in this paper is defined as the reduction of parameters such as the mass, volume and power usage in a device. Researchers have suggested some innovative methods to address this problem by opportunistically acquiring the environment as the input medium hence eliminating the need for a device with a large input space. Example of such an innovation is the 'HandMenu-System' which utilizes visual capture device such as a camera to capture user's gestures and unique shapes but unfortunately suffers from instabilities due to unstable lighting and overlapping [4] . A predecessor to this technology is the 'OmniTouch' which utilizes the 'Microsoft Kinect' allowing it to mitigate the depth issues related to standard visual systems, as it contains within it a depth camera [5] . It also allows for unique shape inputs and gestures.
Despite the benefits of being small and light, visual based systems are computationally intensive and also requires large amounts of energy, making it a poor choice for mobile devices which are required to be ubiquitous.
Acoustic or vibration based sensors require much less power as compared to visual ones, examples of innovations which utilizes such sensors are the 'Hambone' which transfers voice through the human body to the ear which also eliminates noise from the environment at the same time and the 'Skinput' which utilizes the human body as the medium for conducting the vibrations of taps via the specialized cantilever system developed [6] [3] . Despite both these systems being able to achieve high mobility, the input range were limited to pre-defined gestures, taps or voice commands with corresponding outcomes.
'Apple' revolutionized the mobile device industry's input method by replacing the use of styluses with the ever present fingers users have [7] . In this research, instead of limiting ourselves to the confines of a predefined area of a touch screen or touchpad for input, we can easily acquire any available surface from the surroundings as an input surface [8] . The authors have successfully designed and developed a system which incorporates the high mobility of the acoustic system with wide input range and the versatility to be used on multiple surfaces but preferably on the human skin due to readily available mechanoreceptor feedback [8] [9] . As the device can be used on many surfaces, it would be utilized in many different settings, hence this paper simulates effect the settings have on the accuracy.
The first section describes the function of the existing hardware which would be simulated, followed by the algorithms used for localization and the nature of the triboacoustic signals. The subsequent section simulates and discusses the various 'arrangement's which could cause accuracy issues such as the z displacement, x-y displacement, temperature effect but without first considering the base reading of the inherent error from the currently used localization algorithm, the Angle-of-Arrival method (AOA). Lastly would be the verification of the simulations via prototype experimentations.
II. PROPOSED LOCALIZATION SYSTEM
a. Prototype overview Currently, the difference between the current prototype and the future prototype is that the current prototype is attached to a computer instead of a mobile device.
Briefly, the diagram shows how the action of the user tracing the finger on a surface, in this case the palm creating triboacoustic emitted signals (TES) which are picked up by the microphones, subsequently localized upon by the accompanying processor unit. This prototype can work on numerous surfaces but illustrated here is the usage which utilizes the feedback from the mechanoreceptors [8] . For the system to be successful it requires a few key components, first being the hardware set up, followed by the algorithm implemented by means of software and finally the type of acoustic signal generated. The subsequent sections will briefly discuss about these. TDOA is attained where, Variables t n and t d represents the time taken for sound to travel from the sound source to the sensor pairs.
Using the AOA algorithm in tandem with the TDOA data attained, the location of the sound source can be discovered as shown in Figure 4 
d. Scratch sounds characteristics
The sound source is the keystone to the entire system, yet its parameters are not within the control of the system. The sound source utilized by the system is created from the action of 2 or more surfaces in contact with each other with a net relative motion creating triboacoustic signals in the process. This sound source is similar to that of Acoustic Emissions(AE) which are caused by the impaction of 2 or more asperities [10] . The frequencies generated by the phenomenon are normally from 20khz to 1 Mhz of low amplitude which can be loosely categorized as white noise [11] [12] . The frequency utilized in this research is the 8th subharmonic of 25khz.
III. SIMULATIONS OF ERROR CAUSING ENVIRONMENTAL FACTOR
This section, speculates the possible cause of errors originating from the prototype's set up. The system utilizes AOA localization method which is fast to implement but has known errors [13] . Prior to searching for prototype's assembly related caused errors to the localization, the errors contributed by the AOA must first be take into account as the baseline. Hence the first subsection discusses in detail and simulates the effect of the AOA on the localization of the coordinates.
After the contribution of error from the AOA has been identified, the validity of possible errors caused by prototype's assembly factors are evaluated using simulations. They are namely the erroneous relative displacement of sensor's plane from the workplane or from each other.
Another possible contributor to errors is the discrepancies between ambient temperature and the software declared temperature.
The evaluation method for the simulation consisted of a grid 0.01X0.01 m boxes arranged to create a 0.06 X 0.06 m box created by points spaced in 0.001m intervals. These ideal sound source coordinates would be exposed to the simulated erroneous environment creating the resultant TDOA and processed using AOA to attain the final coordinates. The resultant coordinates were compared against the ideal grid coordinates.
a. AOA equation effect on baseline data
In this particular test, the ideal coordinate points are generated arithmetically. The number of pseudo coordinates are 834 which forms a square as shown in Figure 5 . A software which emulates the travel of sound through the atmosphere prior to reaching the individual sensors calculates the TDOA between the sensors on a homogenous flat plane for a sound source on the same plane. The resultant TDOA calculated data were then inserted into the AOA algorithm to produce a set of coordinates for evaluation. The results of simulation yields the data as shown in Visually it can be seen that the AOA method is able to approximate the ideal data in terms of shape, but not perfectly. There exists an 'error free region' area which approximates the ideal grid coordinates closely as compared to the other regions of the grid. Also, the error trend in coordinate displacement and angle deviation becomes more pronounced as the coordinates recreated are further from the 'error free region'. This could be explained by the fact that AOA is an angled based localization system, any small angle deviations become more pronounced as the distance from the sensors increases. In addition to that, the error trends tend to reverse as they past the 'error free region' for example, if the coordinate re-created has an erroneous positive offset prior to the 'error free region', after that it would have an erroneous negative offset. Closer inspection reveals that the 'error free region' is the coordinate which is equidistance from all 3 sensors. This fact was used advantageously in subsequent sections. It is visually evident from the visual results that the grid generated by the AOA localized points via the captured TDOA shrinks as compared to the ideal grid coordinate as the plane of the sound source is moved further away from the sensor plane. The 'error free region' is strangely not affected by the z -offset. This phenomenon can be utilized as a calibration spot for comparison between the ideal TDOA and the experimental TDOA (collected from the prototype) of the same shape traced. If the TDOA of the experimental data is the same to that of the ideal TDOA on the 'error free region', but the extremums are different, it can be deduced that a z offset of the sensor plane in relation to the workplane could have occurred in the prototype's set up. In this particular test, it is assumed that the errors of translocation of the cumulative coordinates to produce a grid is caused by the unaccounted shifting of sensors along the x or y axis. The set up had 3 sensors, and in this simulation, it assumed that only 1 of the sensors were susceptible to erroneous shifting in the x or y axis of 0.01m per shift, the results are shown as in Figure 7 . The grids re-created due to the shifting the sensor in its x or y position are very different from that of the ideal grid in terms of size and shape. The 'error free region' in this particular test is also affected which would indicate that the TDOA of the ideal and that of the experimental would be different. In conclusion, any offset of sensors whether in the x or y axis is highly detrimental to the final outcome of the localization system.
c. Effect of temperature
Temperature effects the speed of sound. This system relies upon the propagation delay of sound waves moving though the air, therefore, the ambient temperature of air intuitively could be a factor which affects the accuracy of the system. 
The simulation software was configured so that the AOA would localize with the resultant speed of sound at 26 ˚C while the simulated environment was set to varying temperatures of 26 ˚C,16˚C and 6˚C. The temperature difference simulation tries to simulate the effect of the user using the AOA system without calibrating it to the current environmental temperature. The results of the simulated prototype are shown as in Figure 8 . From visual inspection, it can be seen that the effect of temperature is less as compared to that of plane displacement and sensor displacement. Also evident is that despite AOA's exposure to large steps in temperature mismatch, the differences in results between each temperature step was low. Hence it can be assumed that the expected errors calculated should be lower. Similarly with that of the z displacement, it is expected that as the displacement increases so would the localization errors, strangely the larger the difference the temperature, the closer in which the cumulative localized points approximate that of the ideal. Closer observation yields the fact that the temperature gradient is inversely proportional to the squared error of the localized points. This strangely opposing ideas of inverse relationship of errors to the increasing temperature gradient can be explained by the fact that AOA itself introduces positional errors as proven in earlier section. The increase in temperature difference causes the TDOA to be higher In general the temperature has not much effect to the final outcome of the shapes or the accuracy of the localized points. Hence it can be concluded that temperature in which humans find comfortable operating this system in would not affect the final outcome of the localization points.
IV. PROTOTYPE EXPERIMENTS
The observations seen in the simulations were verified in this section with the help of a high speed camera affixed perpendicularly to the workplane for the purpose of capturing the coordinates of the moving finger. The results of the acoustically captured coordinates versus the visually captured coordinates in various settings are shown in Figure 9 .
The result of eliminating the environmental factors to errors produced the graph as shown in Figure 9 (b) which indicates very close approximation to the visual data. Simulation results of Figure 7 (a) and experimental results in Figure 9 (c) which share similar key settings which is the offset of sensor 2 by 0.005m in the x axis, show similar characteristics such as shape mismatch, and shape offset. Similarly, simulation conditions were re-created and tested for the condition where the sensor plane was offset by 0.03m from the workplane produced results as shown in Figure 9 (d) which also showed same characteristics as the graph in Figure 6 (c) where the shapes re-created were smaller than the ideal version.
Extreme care had been taken in setting up the camera for the z axis distortion experiment as any slight error will be compounded and cause the 'ideal' data to be erroneous. Experiments related to temperature were not done as the simulations indicate that its effects are negligible.
Nevertheless, future improvements such as inserting a temperature sensor into the design which can measure the ambient temperature, simultaneously updating the software could improve the accuracy of the system when used in extreme temperature conditions. 
V. CONCLUSIONS
This paper successfully simulated, identified, verified, and improved the errors contributed by prototype's environmental setting factors. As a conclusion, conditions such as sensor plane displacement contributes to size change of the re-created shape which is still recognizable, while sensor displacement causes shapes to be deformed greatly to the point recognition could be difficult, and lastly the temperature mismatch causes little or no effect to the final shape re-created. Future improvements should include the mitigation of these environmental factors and also the localization equation's accuracy. 
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